Introduction
============

Neoadjuvant chemotherapy (NCT) has emerged as the preferred initial treatment for patients diagnosed with locally advanced breast cancer. NCT is administered to those with locally advanced breast cancer to make tumors more operable, to improve outcomes, and to predict treatment outcomes based on patient responses \[[@b1-crt-2013-247]\]. The indications for NCT have expanded to include patients with early breast cancer and prospective trials showing no survival disadvantage associated with the use of NCT \[[@b2-crt-2013-247],[@b3-crt-2013-247]\]. The rate of the overall response to NCT is high, which allows more patients to undergo breast conservation surgery (BCS) with better cosmetic outcomes \[[@b3-crt-2013-247],[@b4-crt-2013-247]\]. Furthermore, BCS after NCT does not increase ipsilateral breast tumor recurrence \[[@b5-crt-2013-247]\].

In a significant number of patients, however, NCT does not result in sufficient tumor reduction to allow BCS. Moreover, a small number of patients experience disease progression during NCT. The relative ineffectiveness of NCT in these patients may be associated with poor chemosensitivity of the tumor and to their clinicopathologic characteristics. Accurate prediction of each patient's likelihood of achieving breast conservation after NCT is important in establishing a treatment plan for patients with operable breast cancers. Although many models and nomograms have been developed to predict the response of NCT, these models were designed to predict the ability of NCT in achieving a pathologic complete response (pCR) and not the ability of NCT to achieve BCS \[[@b6-crt-2013-247]-[@b8-crt-2013-247]\]. We hypothesized that the efficacy of the current models could be improved by including clinical, imaging, and pathologic factors. We, therefore, formulated models that increased the accuracy in predicting the likelihood of achieving successful breast conservation and residual tumor size ≤ 3 cm in patients who receive NCT.

Materials and Methods
=====================

1. Study population
-------------------

We reviewed the database of the Seoul National University Hospital Breast Care Center (SNUHBCC) to identify patients with stage II/III breast cancer who received NCT followed by surgery from January 2001 to December 2010. Patients with inflammatory breast cancer, distant metastases at the time of diagnosis, and bilateral breast cancer were excluded. The patient cohort consisted of 513 patients.

All patients were treated preoperatively with 'anthracycline- and/or taxane-based regimen' chemotherapy (AC 6.2%, AC-T 2.5%, cyclophosphamide doxorubicin fluorouracil 1.8%, docetaxel doxorubicin 86.5%, paclitaxel gemcitabine trastuzumab 2.9%). Tumor size before treatment and the distance between the nipple and the lesion were determined by breast magnetic resonance imaging (MRI). Patients were considered estrogen receptor (ER)-- or progesterone receptor--positive if more than 10% of the cells were stained as positive by immunohistochemistry (IHC). Human epidermal growth factor receptor 2 (HER2) positivity was defined as either *HER2* gene amplification by fluorescent *in situ* hybridization or scored as 3+ by IHC. Suspicious microcalcifications (BIRADS categorized into over C4a) in the area of the lesion on mammography were considered positive for calcification. Breast volume was calculated as described \[[@b9-crt-2013-247]\]. Clinical and pathologic stages were assessed in accordance to the 7th edition of the American Joint Committee on Cancer (AJCC) cancer staging system.

We considered negative margin when there was no invasive ductal carcinoma and ductal carcinoma *in situ* (DCIS) at the inked margin microscopically. BCS was considered successful if the margin status was negative at the final surgery. Nipple sacrifice was not considered as breast conservation and central lumpectomy cases were excluded for classifying the surgery type.

2. Statistical analysis and validation
--------------------------------------

A multivariate logistic regression analysis was used to test the associations between clinicopathologic characteristics (including patient age, initial tumor size, ER status, HER2 overexpression, Ki-67 level, p53 expression, breast volume, multifocality, multicentricity, distance from the nipple, presence of calcification, DCIS component, size difference between MRI and sonography, and histologic type) and the ability to perform BCS and residual tumor size ≤ 3 cm after NCT. Backward variable selection was performed to determine the independent covariates. These models were used to develop nomograms, which were built in a training cohort and validated in an independent validation cohort.

The model performance was tested with respect to discrimination and calibration. Discrimination was quantified with the concordance index (c-index), which is identical to the area under the receiver operating characteristics (ROC) curve. Calibration was estimated by graphic representations of the relationships between observed outcome frequencies and predicted probabilities (calibration curves) for the groups of patients defined by quartiles (each quartile included at least 35 patients). The overlap with reference line means perfect agreement on the model. We also compared the performance of our nomograms with those of the M.D. Anderson Cancer Center (MDACC) and the Institute Gustave Roussy (IGR).

All statistical analyses were performed using SPSS ver. 19.0 software (SPSS Inc., Chicago, IL) and R software ver. 2.10.1 (<http://www.r-project.org/>). All p-values were two sided, and p \< 0.05 was considered significant.

Results
=======

The baseline characteristics of 513 patients are shown in [Table 1](#t1-crt-2013-247){ref-type="table"}. The median age was 42.4 years (range, 24 to 67 years), and 54 patients (10.5%) achieved pCR in response to NCT. NCT consisted of a mean 4.8 cycles of taxane and anthracycline-based preoperative chemotherapy. Thirtyseven out of 513 patients (7.21%) were observed to have a positive resection margin initially. BCS after NCT was performed in 257 patients (50.1%).

1. Nomogram predicting BCS after NCT
------------------------------------

[Tables 2](#t2-crt-2013-247){ref-type="table"} shows the results of multivariate logistic regression analyses ([Appendix 1](#app1-crt-2013-247){ref-type="app"}). Smaller initial tumor size (p \< 0.001), longer distance between the lesion and the nipple (p \< 0.001), absence of suspicious calcifications on mammography (p=0.013), and absence of multicentric tumor (p=0.015) were independently associated with BCS rather than mastectomy. A nomogram was developed based on the results of this multivariate analysis ([Fig. 1](#f1-crt-2013-247){ref-type="fig"}).

2. Nomogram predicting residual tumor size ≤ 3 cm
-------------------------------------------------

Tumor size after NCT is an important and objective factor for considering breast conservation. In this cohort, the mastectomy rate in patients with tumors \> 3 cm was 72.7%; whereas the BCS rate in patients with tumors ≤ 3 cm was 63.2% (p \< 0.001). Before developing a predictive model, we excluded 94 patients with initial radiologic tumor size ≤ 3 cm. We analyzed the remaining 419 patients to determine the probability of residual tumor size ≤ 3 cm after NCT. [Tables 3](#t3-crt-2013-247){ref-type="table"} shows the results from a multivariate logistic regression analysis ([Appendix 2](#app2-crt-2013-247){ref-type="app"}). Multivariate analysis showed that smaller initial tumor size (p \< 0.001), absence of DCIS component (p \< 0.001), negative ER status (p=0.0023), and higher Ki-67 level (\> 15%) (p=0.0148) were independently associated with residual tumor size ≤ 3 cm. A nomogram was developed based on the results of this multivariate analysis ([Fig. 2](#f2-crt-2013-247){ref-type="fig"}).

3. Validation of the nomograms
------------------------------

Our nomograms predicting BCS and residual tumor size ≤ 3 cm were validated in an independent cohort of 149 breast cancer patients who underwent NCT. Patients were grouped into quartiles of predicted probabilities. To calibrate the nomogram, the actual proportions of patients who achieved BCS and residual tumor size ≤ 3 cm were calculated for each quartile. In the validation group, the nomograms resulted in calibration plots, showing good agreement between the predicted and observed outcomes in most areas ([Appendix 3](#app3-crt-2013-247){ref-type="app"}). The areas under the ROC curves of the multivariate model predicting BCS and residual tumor size ≤ 3 cm were 0.800 (95% confidence interval \[CI\], 0.769 to 0.844) and 0.777 (95% CI, 0.689 to 0.865), respectively. The calibration plots showed a relatively good agreement between the predicted and actual probabilities; however, the predictive probabilities of the third and fourth groups were a little higher and a little lower, respectively, than the actual probabilities of those groups ([Appendix 4](#app4-crt-2013-247){ref-type="app"}).

In comparing our nomograms with the previously developed MDACC nomograms, we found that our nomograms showed better performance in predicting BCS and tumor size ≤ 3 cm ([Appendix 5](#app5-crt-2013-247){ref-type="app"}). However, it should be noted that we do not have information on the histologic grade of the core needle biopsy specimens.

Discussion
==========

We have described here the development of nomograms predicting BCS and residual tumor size ≤ 3 cm in breast cancer patients receiving NCT. After matching each factor to the appropriate point, the probability which responds to the total points is figured out. These models were validated in an independent patient set, and showed good performance in terms of discrimination and calibration, with some new factors predicting surgery and tumor response.

These nomograms provided probability estimates that may be useful for individual patients, predicting tumor response to NCT and BCS after NCT. Neoadjuvant therapy is administered to increase the likelihood of performing successful BCS on patients who are not or are borderline eligible for BCS prior to NCT. Our finding, in which 50.1% of patients underwent BCS after NCT, was in agreement with the rates of 38%-68% reported in earlier studies \[[@b2-crt-2013-247],[@b10-crt-2013-247]\], suggesting that predictive tools are necessary to assess the likelihood of BCS for patients treated with NCT. Furthermore, as management of breast cancer patients become more multidisciplinary, objective models in clinical settings are going to be necessary for both surgeons and oncologists, when predicting treatment outcomes. Prior to the administration of NCT for breast conservation, it is important to determine whether a patient has a low probability of becoming eligible for BCS. These patients can be offered mastectomy, with or without immediate reconstruction. Alternatively, NCT could be offered after a patient is informed about the low probability of achieving BCS and provides informed consent.

The MDACC nomograms were developed to determine the eligibility for BCS and to predict small residual tumor (≤ 3 cm) for patients receiving NCT \[[@b11-crt-2013-247]\]. Clinicopathologic factors predicting BCS included the following: ER status, tumor size and grade, multicentricity, and histological type; whereas factors predicting tumor size ≤ 3 cm included ER status, initial tumor diameter, histologic grade and type, and number of chemotherapy cycles. These nomograms were validated in an independent test set of 109 patients, with a c-index of 0.71 for predicting BCS eligibility, although decisions regarding mastectomy versus BCS were reported to be influenced more by subjective factors, such as regional and cultural attitudes than by clinical factors \[[@b11-crt-2013-247]\]. Furthermore, tumor biology may differ between Asian and Western breast cancer patients \[[@b12-crt-2013-247],[@b13-crt-2013-247]\]. Therefore, new tools are needed that can predict which patient in clinical practice are eligible for NCT for breast conserving purposes.

We did not include a histologic grade as a predictive marker for NCT, since the histologic grade in the core biopsy tends to underestimate the grade in the surgical specimen, due in part to the underestimation of the mitotic count \[[@b14-crt-2013-247],[@b15-crt-2013-247]\]. The agreement between core needle biopsy and surgical biopsy specimens for grade, mitosis, tubules, and pleomorphism was reported to be 61% \[[@b14-crt-2013-247]\]. In practice, histologic grade of a presurgical biopsy specimen as a determinant for histologic grade of a surgical specimen may be subjective, dependent on individual pathologists, and our pathologist did not report information from needle biopsy specimens.

The predictive factors of our two nomograms differed, which suggest that any decision of the type of surgery should depend on the surgeon\'s judgment, not only on objective tumor size after NCT. Indeed, the nomogram for residual tumor size ≤ 3 cm includes greater biologic factors, including ER status, Ki-67 level, DCIS component, and initial size, in agreement with previous models \[[@b11-crt-2013-247]\]. Furthermore, we found that achieving breast conservation and tumor size ≤ 3 cm were independent of the number of cycles of chemotherapy (\> 6 cycles vs. ≤ 6 cycles) or regimen of chemotherapy (including taxane or not).

Although we thought that the initial breast volume would be a predictive factor for breast conservation, we discovered that it was not significant. Rather, the ability to conserve the nipple areola complex was more important for surgical decision making, since the distance between the nipple and the lesion was a significant factor for BCS.

Recently, Mathieu et al. \[[@b16-crt-2013-247]\] reported that breast cancer index, which is a combination of the two-gene ratio HOXB13: IL17BR(H:1) and the five-gene molecular grade index \[[@b17-crt-2013-247],[@b18-crt-2013-247]\], was found to be clinically useful in identifying patients who are not candidates for BCS. In addition, they showed it was the only biologic predictor of BCS in their study. In the near future, some genetic factors predicting chemotherapeutic response or these risk stratifying genes will help our decision making in addition to our model combining clinical, pathological, and imaging variables.

This study had several limitations. The study subjects did not receive homogeneous NCT, and most of HER2 positive patients did not received HER2 targeted therapy; thus, chemotherapy may be a confounding factor. We also did not consider whether BCS was possible before NCT, and we did not distinguish between NCT designed to reduce tumor size or preserve the breast. Moreover, the retrospective nature of the study design made it difficult to obtain information concerning those subjective factors.

Conclusion
==========

In conclusion, we have established a new model to predict BCS and residual tumor size ≤ 3 cm after NCT. This model had a better predictive accuracy than the previously similar models, including novel factors that can affect surgical decision making and tumor response. Use of our nomograms can assist in surgical decision making for patients who are candidates for NCT.
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  Parameter                                         OR      95% CI        p-value
  ------------------------------------------------- ------- ------------- -----------
  ER                                                                      
   Positive                                         0.736   0.520-1.042   0.0844
   Negative                                         1                     
  p53                                                                     
   Positive                                         0.972   0.676-1.397   0.8787
   Negative                                         1                     
  *HER2* amplification                                                    
   Positive                                         0.528   0.366-0.762   0.0006
   Negative                                         1                     
  Ki-67 level (%)                                                         
   ≥ 15                                             1.487   1.011-2.188   0.0436
   \< 15                                            1                     
  Breast volume                                                           
   Category 1                                       1                     
   Category 2 vs. 1                                 1.345   0.824-2.197   0.2358
   Category 3 vs. 1                                 1.187   0.727-1.936   0.4932
   Category 4 vs. 1                                 0.984   0.603-1.605   0.9473
  Distance from nipple (cm)                         1.670   1.486-1.878   \< 0.0001
  Calcification                                                           
   Present                                          0.474   0.332-0.676   \< 0.0001
   Absent                                           1                     
  DCIS component                                                          
   Present                                          0.505   0.263-0.969   0.0401
   Absent                                           1                     
  Size difference between MRI and sonography (cm)                         
   \> 0.5                                           0.578   0.402-0.830   0.0030
   ≤ 0.5                                            1                     
  Multicentricity                                                         
   Yes                                              0.531   0.326-0.866   0.0112
   No                                               1                     
  Initial tumor size (cm)                           0.666   0.604-0.735   \< 0.0001
  Histologic type                                                         
   IDC                                              1                     
   ILC                                              0.664   0.185-2.382   0.5298
  No. of chemotherapy courses                                             
   \< 6                                             1                     
   ≥ 6                                              1.160   0.769-1.748   0.4796

OR, odds ratio; CI, confidence interval; ER, estrogen receptor; DCIS, ductal carcinoma *in situ*; MRI, magnetic resonance imaging; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma.

  Parameter                                         OR      95% CI        p-value
  ------------------------------------------------- ------- ------------- -----------
  ER                                                                      
   Positive                                         0.368   0.247-0.549   \< 0.0001
   Negative                                         1                     
  p53                                                                     
   Positive                                         1.083   0.722-1.626   0.6991
   Negative                                         1                     
  *HER2* amplification                                                    
   Positive                                         1.050   0.705-1.562   0.8108
   Negative                                         1                     
  Ki-67 level (%)                                                         
   ≥ 15                                             2.819   1.861-4.272   \< 0.0001
   \< 15                                            1                     
  Calcification                                                           
   Present                                          0.692   0.466-1.028   0.0680
   Absent                                           1                     
  DCIS component                                                          
   Present                                          0.277   0.180-0.428   \< 0.0001
   Absent                                           1                     
  Size difference between MRI and sonography (cm)                         
   \> 0.5                                           0.757   0.633-0.904   0.0022
   ≤ 0.5                                            1                     
  Initial tumor size (cm)                           0.694   0.616-0.781   \< 0.0001
  Age (yr)                                                                
   \< 35                                            0.926   0.543-1.580   0.7791
   ≥ 35                                             1                     
  Histologic type                                                         
   IDC                                              1                     
   ILC                                              0.285   0.095-0.857   0.0254
  No. of chemotherapy courses                                             
   \< 6                                             1                     
   ≥ 6                                              1.310   0.835-2.054   0.2399

OR, odds ratio; CI, confidence interval; ER, estrogen receptor; DCIS, ductal carcinoma *in situ*; MRI, magnetic resonance imaging; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma.

Calibration plot for breast conservation surgery from nomogram. The x-axis shows nomogram predicted probability and the y-axis shows the actual probability of breast conservation surgery. (A) Training set. (B) Validation set.
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Calibration plot for predicting residual tumor size ≤ 3 cm from the nomogram. The x-axis shows the nomogram predicted probability and the y-axis shows the actual probability of residual tumor size ≤ 3 cm. (A) Training set. (B) Validation set.
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Receiver operating characteristic curves of Seoul National University Hospital (SNUH) (this study) and M.D. Anderson Cancer Center (MDACC) (Rouzier et al. \[[@b11-crt-2013-247]\]) nomograms predicting breast conservation surgery (A) and residual tumor size ≤ 3 cm (B).
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![Nomogram predicting eligibility for breast conservation surgery.](crt-2013-247f1){#f1-crt-2013-247}

![Nomogram predicting the probability of residual tumor size ≤ 3 cm. ER, estrogen receptor; DCIS, ductal carcinoma *in situ*; NCT, neoadjuvant chemotherapy.](crt-2013-247f2){#f2-crt-2013-247}

###### 

Baseline characteristics of the 513 patients who received neoadjuvant chemotherapy followed by surgery

  Characteristic                 No. of patients (%)
  ------------------------------ ---------------------
  Median age (range, yr)         42.4 (24-67)
   \< 35                         87 (17.0)
   ≥ 35                          426 (83.0)
  Histologic type                
   Invasive ductal carcinoma     487 (94.9)
   Invasive lobular carcinoma    26 (5.1)
  Clinical tumor stage           
   1                             21 (4.0)
   2                             266 (51.9)
   3                             187 (36.5)
   4                             39 (7.6)
  pT category                    
   0 or is                       54 (10.5)
   1                             190 (37.0)
   2                             190 (37.0)
   3                             59 (11.6)
   4                             20 (3.9)
  pN category                    
   0                             194 (37.8)
   1                             154 (30.0)
   2                             104 (20.3)
   3                             61(11.9)
  Type of surgery                
   Breast conserving             257 (50.1)
   Mastectomy                    256 (49.9)
  Estrogen receptor              
   Negative                      242 (47.2)
   Positive                      271 (52.8)
  Progesterone receptor          
   Negative                      324 (63.2)
   Positive                      188 (36.6)
  HER2                           
   Negative                      328 (63.9)
   Positive                      185 (36.1)
  Ki-67                          
   Low expression (\< 15%)       366 (71.3)
   High expression (≥ 15%)       147 (28.7)
  Pathologic complete response   54 (10.5)

###### 

Multivariate logistic regression analysis of clinicopathologic variables predicting the ability to perform breast conservation surgery after neoadjuvant chemotherapy

  Parameter                   Adjusted OR   95% Confidence interval   p-value
  --------------------------- ------------- ------------------------- -----------
  Calcification                                                       0.0127
   Present                    0.589         0.388-0.893               
   Absent                     1                                       
  Distance from nipple (cm)   1.433         1.270-1.616               \< 0.0001
  Multicentricity                                                     0.0146
   Yes                        0.489         0.276-0.868               
   No                         1                                       
  Initial tumor size (cm)     0.742         0.669-0.822               \< 0.0001
  C-statistics=0.800                                                  

OR, odds ratio.

###### 

Multivariate logistic regression analysis of clinicopathologic variables predicting the ability to achieve residual tumor size ≤ 3 cm after neoadjuvant chemotherapy

  Parameter                 Adjusted OR   95% Confidence interval   p-value
  ------------------------- ------------- ------------------------- -----------
  ER                                                                0.0023
   Positive                 0.483         0.302-0.771               
   Negative                 1                                       
  Ki-67 level (%)                                                   0.0148
   ≥ 15                     1.827         1.125-2.966               
   \< 15                    1                                       
  DCIS component                                                    \< 0.0001
   Yes                      0.323         0.198-0.527               
   No                       1                                       
  Initial tumor size (cm)   0.674         0.594-0.766               \< 0.0001
  C-statistics=0.778                                                

OD, odds ratio.
